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FIG. 6
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FIG. 7
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1
GENERATION OF COMPOSITE SPATIAL
REPRESENTATIONS

FIELD OF THE INVENTION

The present invention relates generally to spatial represen-
tations and, more particularly, to techniques for combining a
plurality of source spatial representations to form a composite
spatial representation.

BACKGROUND OF THE INVENTION

Internet technology offers application developers a combi-
nation of declarative and programmatic elements for use in
developing applications. Internet application developers use
declarative elements such as hyper-text markup language
(HTML) and cascading style sheets (CSS) in documents that
provide structure, content and decoration, and programmatic
elements such as JavaScript functions to provide computa-
tional and interactive behavior based on the documents. This
technology has provided applications that are both browser-
deployable and responsive. The term “browser” is intended to
mean not only an Internet browser but any universal user-
interface program, i.e., a program that loads and renders a
document-based graphical user interface (GUI) of an appli-
cation, handles user interaction with the GUI, and is capable
of loading GUI definitions from local or remote sources.

Electronic maps are an important medium for many inter-
active applications. Many map-based applications are not
browser-deployable or are limited to a narrow range of inter-
active behavior. Some map toolkits offer browser-deployable
application GUIs with an expanded range of interactive
behavior. However, these map toolkits are known to restrict
the composition ability of developers.

SUMMARY OF THE INVENTION

Principles of the invention provide, for example, tech-
niques for generating composite spatial representations asso-
ciated with spatially oriented applications.

For example, in accordance with one embodiment of the
invention, a method for generating a composite spatial repre-
sentation is provided. The method includes obtaining a plu-
rality of source spatial representations from a plurality of
source applications, and forming the composite spatial rep-
resentation by combining the plurality of source spatial rep-
resentations. The composite spatial representation is opera-
tive to interact with at least one behavioral element that is
separate from the composite spatial representation. The
obtaining of the plurality of source spatial representations and
the forming of the composite spatial representation are
executed on a computing system comprising a processor and
a memory. One or more computer program instructions for
implementing the obtaining of the plurality of source spatial
representations and the forming of the composite spatial rep-
resentation are obtained from the memory and executed by
the processor device.

Advantageously, illustrative embodiments of the invention
provide, for example, techniques for obtaining, combining
and simultaneously displaying multiple map layers, and for
providing and executing behavioral elements, e.g., scripts,
that are separate from structure, content, and decoration of the
map layers. The structure, content and decoration can be
operated on by the behavioral elements to enable a variety of
interactive or computational behaviors. Aspects of the inven-
tion enable, for example, operations that combine multiple
dynamic or static feeds of data from multiple sources in

10
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various ways. The data coming from the multiple feeds are
combined before being displayed. In another example,
aspects of the invention enable end users to visualize relation-
ships between dynamic spatial datasets and create custom
alerts on changes in the datasets. Features of the invention
also enable, for example, collaboration, social networking,
geographic information systems and emergency response.

Such embodiments of the invention provide an improve-
ment over the above-mentioned map toolkits in that the
known map toolkits do not fully separate structure, content,
and decoration elements from behavioral elements. There-
fore, the known map toolkits restrict the ability of developers
to compose map-based GUIs with other document-oriented
programming technologies such as extensible style-sheet lan-
guage transformations (XSLT). Embodiments of the inven-
tion solve these and other problems of the existing art.

These and other features, objects and advantages of the
present invention will become apparent from the following
detailed description of illustrative embodiments thereof,
which is to be read in connection with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an exemplary architecture, comprising a
map viewer, according to an exemplary embodiment of the
invention.

FIG. 2 illustrates an exemplary system of a map viewer
program with associated host site and source applications,
according to an exemplary embodiment of the invention.

FIG. 3 shows a map layer event table listing the exemplary
event types that can be generated on map layer elements,
according to an exemplary embodiment of the invention.

FIG. 4 shows a spatial functions table listing functions that
are spatial in nature, according to an exemplary embodiment
of the invention.

FIG. 5 shows a spatio-temporal table listing functions that
take into account the change in geometrical relationships over
time, according to an exemplary embodiment of the inven-
tion.

FIG. 6 illustrates a method of generating a composite spa-
tial representation, according to an exemplary embodiment of
the invention.

FIG. 7 illustrates a method for obtaining a plurality of
source spatial representations and source spatial representa-
tion user graphical interface control, and for executing source
applications comprising the plurality of source spatial repre-
sentations, according to an exemplary embodiment of the
invention.

FIG. 8 depicts a computer system that may be useful in
implementing one or more aspects and/or elements of the
invention.

DETAILED DESCRIPTION OF THE INVENTION

As used illustratively herein, a client is an application
and/or system that accesses, typically over a network, a
remote service on a computer system, for example, on a
remote server. For example, a client may comprise software,
resident on a processor device (e.g., a processor coupled to a
memory), that obtains or downloads multiple first datasets
(e.g., each first dataset comprising a map layer). Additionally,
a client may perform processing and provide functions, for
example, processing of the first datasets to form a second
dataset and provide the second dataset to a user or to another
client. A client may additionally comprise hardware (e.g., the
processor device) or may comprise hardware only.
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As used illustratively herein, a a graphical user interface
(GUI) is a type of user interface which allows people to
interact with electronic devices such as computers, hand-held
devices (e.g., MP3 Players, Portable Media Players, gaming
devices, and cell phones), household appliances and office
equipment. A GUIL for example, offers mostly graphical
icons, and visual indicators, as opposed to mostly typed com-
mands or text navigation, to represent the information and
actions available to a user. The interactions are usually per-
formed through direct manipulation of the graphical icons or
graphical elements.

Asused illustratively herein, a conventional graphical user
interface (CGUI) is a type of GUI that provides conventional
GUI applications, for example windows and window controls
(e.g., buttons, check-boxes, menus, input boxes, etc.). CGUI
is supported by a library that provides a set of functions (e.g.,
C-language based functions) to create GUI applications.

As used illustratively herein, the term spatial representa-
tion is a representation that comprises a location-dependency,
ageographic position, a geographically-defined shape, and/or
a geometric positioning in a linear or multi-dimensional
space. By way of example only, a spatial representation could
be an electronic form of a geographic map, a geometric map,
a street map, a terrain map, a planetarium visual display of
planets and stars, a physical layout or plan such as a building
floor-plan, or a display of location of objects such as a traffic
pattern.

As used illustratively herein, a document object model
(DOM) is a platform-independent and language-independent
standard object model for representing HTML or extensible
markup language (XML) and related formats.

As used illustratively herein, an application programming
interface (API) is a set of functions, procedures, methods,
classes or protocols that an operating system, library or ser-
vice provides to support requests made by computer pro-
grams.

As used illustratively herein, a cascading style sheets
(CSS) is a style-sheet language used to describe the presen-
tation of a document written in a markup language. A com-
mon application is to style web pages written in HTML, but
the language can be applied to other kinds of XML docu-
ments.

As used illustratively herein, an extensible style sheet lan-
guage transformation (XSLT) is an XML-based language
used for the transformation of XML documents into other
XML or human-readable documents. The original document
is not changed, rather, a new document is created based on the
content of an existing document. The new document may be
serialized or output by a processor in standard XML syntax or
in another format, such as HTML or plain text. XSLT is often
used to convert data between different schemas, or to convert
XML data into HTML or XHTML documents for web pages,
creating a dynamic web page, or into an intermediate XML
format that can be converted to portable document format
(PDF) documents.

As used illustratively herein, a behavioral elements are
elements that cause a behavior, presentation, execution,
operation, or flow, for example, an element that causes a
change in a map or other spatial representation or the display
thereof. By way of example only, behavioral elements are
often software, software scripts or functions. Software ele-
ments may be triggered by events, for example, computer
mouse pointer indications or keystrokes.

An aspect of the invention is behavioral elements that are
separate from what the behavioral elements may affect, oper-
ate on or interact with, for example, separate from data, maps
or spatial representations that the behavioral elements may
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affect, operate on or interact with. In the case where the
behavioral elements interact with data, the behavioral ele-
ments may be considered separate from the data in that, for
example, the data may be complete and useful without the
behavioral elements. For example, the data may be usefully
presented in some way without the behavioral elements. This
does not preclude the data from requiring other behavioral
elements (alternate behavioral elements) to be useful or com-
plete. The behavioral elements that are separate, however,
may add value or usefulness to the data not previously avail-
able even with the alternate behavioral elements. Further-
more, the data may be stored and operated upon without the
behavioral elements that are separate.

As more and more technology involves spatial awareness,
e.g., mobile phones and global positioning systems, the value
of being able to portray spatial quantities is increasingly
important. Spatial quantities may be displayed by the super-
position of multiple layers comprising spatial or spatio-tem-
poral information, for example, the superposition of map
layers. Illustrative embodiments of the invention relate to
obtaining, combining and displaying of multiple map layers.
For example, such embodiments enable operations that com-
bine multiple dynamic or static feeds of data from multiple
sources in various ways. The data coming from the multiple
feeds may be combined before being displayed. By way of
another example, such embodiments enable end users to visu-
alize relationships between dynamic spatial datasets and cre-
ate custom alerts on changes in the datasets. Further, such
embodiments enable, for example, collaboration, social net-
working, geographic information systems and emergency
response.

Still further, illustrative embodiments of the invention
enable map layers to be rendered by a map viewer as interac-
tive documents, analogous to Web browsers rendering Web
pages. A map layer has structure, content, and decoration that
can be operated on by behavioral elements, such as software
scripts, to enable a variety of interactive or computational
behaviors. A map layer may represent a central element of a
GUI of an application. The application may be a single-user
ormulti-user application, a local or network application, or an
application displaying static or dynamic content. Scripts may
be embedded in map-layer documents or may be loaded and
executed independently of map layer documents. Scripts may
call spatial and temporal operators in a library provided by the
map viewer. With appropriate security-related restrictions,
scripts may access the data in the map layers of other appli-
cations. This makes possible an entirely new class of light-
weight spatio-temporal intelligence applications. For
example, a map layer from one application showing the con-
tinuously updated locations of emergency vehicles, a map
layer from another application showing the locations of inci-
dents, and a map layer from a third application showing
roadway congestion, can be correlated through a script to
reveal which emergency vehicle should respond to which
incident, given current traffic conditions. This approach is
advantageous for two reasons: (1) it integrates the power of
visualization with the power of computation, and (2) it offers
an infrastructure-less approach that requires no servers to be
purchased, installed, and maintained.

An embodiment of the invention treats or considers objects
of spatially oriented applications (e.g., maps objects) as first-
class user interface (UI) entities, providing the objects with a
document object model (DOM) enabling, for example, the
behavioral elements to act on or interact with the map or
spatially oriented application objects. In this way, the behav-
ioral elements may be separate from the structure, content and
decoration of the map or spatially oriented application and
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enabled to interact with the map or spatially oriented appli-
cation. This embodiment of the invention provides advantage
over an object-oriented, API-based approach where map
objects are accessible only to the program that instantiates the
map object. The object-oriented, API-based approach inhibits
separation of the behavioral element from the structure, con-
tent and decoration because other programs cannot access the
map or object oriented application objects.

Another embodiment of the invention comprises a spatially
oriented application, comprising a composite spatial repre-
sentation, configured for a user to indicate a source applica-
tion comprising at least one of a plurality of source spatial
representations. The spatially oriented application is config-
ured for loading and executing the source application.

FIG. 1 illustrates exemplary architecture 100 of the inven-
tion according to an embodiment of the invention. The exem-
plary architecture 100 comprises a map viewer 101 and a
storage device 103, for example, a local storage device
located in the proximity of the map viewer 101 and/or closely
coupled to the map viewer 101.

Map viewer 101 comprises map layer block 110, viewer
scripts 120, an event and interaction driven script execution
block 130, library 140, CGUI controls 150, layer rendering
block 160, CGUI rendering block 170, and application man-
ager 180.

Each map layer 111, within the map layer block 110, com-
prises spatial data 112, rendering styles 113 and, optionally,
layer scripts 114. Spatial data 112 comprises, for example, a
collection of logically related map features (features), called
a featureset, which are pictorial representations of things that
are location-dependent, have a geographic position and/or
have a geographically-defined or geometrical-defined shape
as one aspect. The rendering styles 113, or rendering direc-
tives, comprise presentation directives that dictate how fea-
tures are rendered. The layer scripts 114 and the viewer
scripts 120 are behavioral or logic elements and are invoked,
for example, in response to events initiated by a user and by
changes in data of the features. Layer scripts 114 can be
embedded in map layers 111 or can be loaded and executed
independently of layer layers 111. Layer scripts 114 can call
spatial and temporal operators in the library 140. Layer
scripts 114 are distinct from the spatial data 112 and the
rendering styles 113 within the map layer 111. That is, the
layer scripts 114 are distinct elements, not part of the spatial
data 112 or rendering styles 113, but may be operative on the
spatial data 112 and/or the rendering styles 113.

Behavioral elements (e.g., layer scripts) may be, for
example, software scripts that are configured to be inter-
preted, compiled, and/or executed when a user views the
composite spatial representation. The layer scripts, for
example, may be written, modified or edited (i.e., formed) by
the user, and/or obtained from a remote source. The user may
be, for example, the viewer of the composite spatial represen-
tation.

The map layer 111 may also comprise text that labels or
describes the features, unique identifiers for the features,
attributes (metadata) associated with the features, and event
handler declarations associating the layer scripts 114 with
events concerning the features.

As an example, map layers 111 are represented, when
stored or transmitted, as XML documents. The specific XML
language used in a particular embodiment is a map feature
language (MFL), but other representations fulfilling the
requirements above may also be used. Examples include key-
hole markup language (KML) and GeoRSS (geographical
resource description framework site summary and geographi-
cal really simple syndications).
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Individual libraries within the library 140 include a layer-
access library, an operator library, a GUI library and an appli-
cation installed library. The storage device 103 is coupled to
the map viewer 101 and may provide viewer scripts 120,
rendering styles and layer scripts.

FIG. 1 also illustrates source applications 105 and map
applications 102. The map applications 102 are instantiations
of the map viewer 101. The map applications 102 are typi-
cally initiated, for example, by a remotely located first com-
puting device coupled to a second computing device provid-
ing the map viewer. The first and second computing devices
are coupled over a network 104, for example, the Internet or
Web. The application manager 180 is coupled to the source
applications 105 over the network 104 and manages the pro-
curement and/or execution of the source applications 105.

The source applications 105 are coupled to the map viewer
101 over the network 104. The source applications 105 pro-
vide source maps to the map viewer 101. The source maps
comprise source spatial data, source rendering styles and/or
source layer scripts. The source spatial data and/or the source
rendering styles make up, at least in part, source spatial rep-
resentations. The spatial data 112, rendering styles 113 and
layer scripts 114, for example, are at least partially generated
from the source spatial data, source rendering styles and
source layer scripts, respectively. However, spatial data 112,
rendering styles 113 and layer scripts 114 may also include
additional data, styles, scripts and components. The map
layer 111 may also comprise a refresh attribute specifying a
period of time after which the source maps should be
reloaded. With appropriate security-related restrictions, layer
scripts 114 can access data in source applications 105 and
other applications. The layer scripts 114 and the viewer
scripts 120 are separate and distinct from the source spatial
representations and any spatial representation produced by
the map viewer. The layer scripts 114 and the viewer scripts
120 provides interaction with or operate on the source spatial
representations and/or with the spatial representation pro-
duced by the map viewer.

FIG. 2 illustrates an exemplary system 200 of a map viewer
program with associated host site and applications, according
to an embodiment of the invention. The exemplary system
200 comprises the map viewer program 201, a host site 202,
and applications A, B and C 203. The host site 202 comprises,
for example, a host Web site. The host site 202 manages
application registration and user preferences. The host site
202 is coupled to the map viewer program 201 by a network
204. The applications 203 are coupled to the map viewer
program 201 by the network 204. The network 204 com-
prises, for example, the Internet.

The map viewer program 201 comprises data structures
210, execution scopes for map Web applications A, B and C
231, 232 and 233, respectively, code modules 220, a map
rendering toolkit 240, and a native GUI platform 241. The
code modules 220 include, for example, an applications man-
ager, a CGUI rendering module, a spatial function library, a
layer management and rendering module and a service invo-
cation module. The service invocation module couples to and
provides the applications 203. The data structures 210
include, for example, user chosen applications, currently
loaded applications and layer document objects. The user
chosen applications may be provided to and stored on the host
site, within the user preference area.

Consider an event model of an embodiment of the inven-
tion. In the typical case, scripts contained in documents con-
sist of declarations. Script execution is therefore driven by the
occurrence of events, either those generated by the user
through interactions with the map layers or CGUISs, or those
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generated by the viewer itself, such as onload or onchange
events. Events are associated with a CGUI or map layer
element. Event handlers are, for example, scripts declared on
elements through XML attributes, which are executed when
events are triggered. In addition, listener functions can be
associated with elements by calling addListener methods in
the map layer or CGUI document object model (DOM) appli-
cation programming interfaces (APIs).

FIG. 3 is amap layer event table (incorporated by reference
herein into the specification) listing exemplary events or
event types that can be generated on map layer elements,
according to an embodiment of the invention. Event data
includes the feature or featureset object the event concerns.

Consider spatial functions of an embodiment of the inven-
tion. An embodiment provides a library of functions that
perform various operations on spatial data, which can be
invoked from map layer or CGUI document scripts (behav-
ioral elements).

FIG. 4 shows a spatial functions table (incorporated by
reference herein into the specification) listing functions that
are substantially spatial in nature, i.e., concerned only with
geometries, according to an embodiment of the invention.

FIG. 5 shows a spatio-temporal table (incorporated by
reference herein into the specification) listing functions that
take into account the change in geometrical relationships over
time, according to an embodiment of the invention. These
functions are termed spatio-temporal functions.

The functions listed in FIGS. 4 and 5 are representative, not
exhaustive. InFIGS. 4 and 5, “F”” and “FS” refer to feature and
featureset objects, respectively. The spatio-temporal func-
tions listed in FIG. 5 are stateful, that is, the spatio-temporal
functions maintain data used in prior invocations of the func-
tion, and the spatio-temporal functions must be instantiated
before use.

Consider interactive support of an embodiment of the
invention. In addition to enabling applications to receive-
click and mouse-over events on its own map layer features,
the embodiment enables users to invoke application functions
on any feature or featureset on the map or on map locations.
The viewer provides means for the user to select a feature,
featureset, or location, and then choose from a menu of ser-
vices provided by the applications the user has available to
them.

Service names and implementations (e.g., uniform
resource locators or JavaScript function names) of an appli-
cation are included in registration information of the applica-
tion. In addition, for each service there is an indication of
whether the application must be loaded for the service to be
active, or whether the service is always available. When a user
clicks on a feature or location, the viewer builds the service
menu dynamically by adding the services of loaded applica-
tions, then adding the services that have been declared to be
always available.

FIG. 6 illustrates a method 600 of generating a composite
spatial representation in accordance with an exemplary
embodiment of the invention. The composite spatial repre-
sentation may, for example, be used by or in a spatially
oriented application. A software program, for example,
executes the method 600 and generates the composite spatial
representation. The composite spatial representation is pro-
vided by, for example, a provider, which may be the entity that
performs at least the first step 601 and the second step 602 of
the method 600. The provider may additionally perform the
third through tenth steps 603-610 of the method 600. For
example, the provider comprises the map viewer 101.

The first step 601 comprises obtaining a plurality of source
spatial representations and, optionally, source spatial repre-
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sentation GUI controls from a plurality of source applica-
tions. For example, the source spatial representations are
maps comprising geographic information, location-depen-
dent or geometric dependent information. The plurality of
source applications are obtained, for example, from a plural-
ity of data feeds comprise a plurality of static dynamic Web
data feeds obtained over an Internet, for example, RSS data
feeds. RSS refers to any of the following: rich site summary
(RSS 0.91), really simple syndication (RSS 2.0), and resource
description framework site summary (RSS 0.9 and 1.0).
Alternately, the plurality of source applications may be
obtained locally. Source applications typically represent a
source GUT as one or more spatial-content source map layers
plus zero or more source CGUIs associated with the source
map layers. Source map layers are transmitted from source
applications as source documents that contain source spatial
features, source specifications for rendering the source spatial
features (source styles), and executable source scripts (logic
elements). FIG. 7 illustrates a second method, to be described
below, for obtaining the plurality of source spatial represen-
tations and source spatial representation user graphical inter-
face controls, according to an embodiment of the invention.

The second step 602 comprises forming a composite spa-
tial representation by combining the plurality of source spa-
tial representations. The source GUIs of multiple source
applications are rendered simultaneously by overlaying the
spatial content source map layers on each other to form the
composite spatial representation. The composite spatial rep-
resentation comprises spatial features and specifications for
rendering the spatial features. For example, the composite
spatial representation is a map comprising geographic infor-
mation or location-dependent information.

The third step 603 comprises forming a composite spatial
representation GUI control. The composite spatial represen-
tation GUI control is formed, at least in part, from parts of, or
from all of, the source spatial representation GUI controls.
Additionally, other components may be added to form the
composite spatial representation GUI control. The composite
spatial representation GUI control comprises, for example, a
CGUL

The fourth step 604 comprises forming an interactive com-
posite spatial representation by combining the composite spa-
tial representation and the composite spatial representation
GUI control. The interactive composite spatial representation
comprises, for example an interactive composite spatial rep-
resentation GUI.

The fifth step 605 comprises providing, for example, by the
provider, a first downstream service with at least part of the
interactive composite spatial representation (e.g., the com-
posite spatial representation). The interactive composite spa-
tial representation may include spatial bounds and a scale of
a display (ratio of real-world units to units of the display).
Downstream services may request to be updated whenever
context of the interactive composite spatial representation
changes. The provider provides means for transmitting the at
least part of the interactive composite spatial representation.
For example, the at least part of the interactive composite
spatial representation application is provided to the down-
stream service or services over the Internet or other network.
The services may perform arbitrary actions including storage
or transmission to other additional services or clients, thus
facilitating user-to-user collaboration. For example, the inter-
active composite spatial representation may comprise map
layers, map layer elements, or map layer events.

The sixth step 606 comprises obtaining an updated plural-
ity of source spatial representations comprising updates on at
least one source spatial representation. In this case, the plu-
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rality of data feeds comprises at least one dynamic feed which
periodically provides the at least one updated source spatial
representation.

The seventh step 607 comprises forming an updated inter-
active composite spatial representation by combining the
updated plurality of source spatial representations. The
source GUIs of updated multiple source applications, com-
prising the updated plurality of source spatial representations,
are rendered simultaneously by overlaying the updated spa-
tial content source map layers on each other to form the
updated composite spatial representation. The updated inter-
active composite spatial representation comprises, for
example, an updated interactive composite spatial represen-
tation GUIL

The eighth step 608 comprises providing the first down-
stream service with at least part of the updated interactive
composite spatial representation. The updated interactive
composite spatial representation may include spatial bounds
and a scale of adisplay (ratio of real-world units to units of the
display). Downstream services may request to be further
updated whenever context of the updated interactive compos-
ite spatial representation changes. The provider provides
means for transmitting the at least part of the updated inter-
active composite spatial representation. For example, the at
least part of the updated interactive composite spatial repre-
sentation is provided to services over the Internet or other
network. The services may perform arbitrary actions includ-
ing storage or transmission to other additional services or
clients, thus {facilitating user-to-user collaboration. For
example, the updated interactive composite spatial represen-
tation may comprise map layers, map layer elements, or map
layer events.

The ninth step 609 comprises providing and executing
functions on the source spatial representation, the composite
spatial representation, and/or the interactive composite spa-
tial representation.

The tenth step 610 comprises defining a set of event types
or functions. The functions are behavioral elements and com-
prise, for example, the layer scripts 114, the viewer scripts
120, logic elements, and scripts whose executions are trig-
gered by events of the event types, user interactions or
changes in data of map features. Scripts are typically software
scripts. The functions provide interactions with or operate on
the source spatial representation, the composite spatial rep-
resentation, and/or the interactive composite spatial represen-
tation.

The functions comprise, for example, software to operate
on the source spatial representation, the composite spatial
representation, and/or the interactive composite spatial rep-
resentation. The interaction with the source spatial represen-
tation, the composite spatial representation, and/or the inter-
active composite spatial representation provided by the
functions comprises computations, user interactions and/or
event-driven interactions. The functions operate on structure,
content, decoration, a declarative element, a spatial feature or
a decoration of the source spatial representation, the compos-
ite spatial representation, and/or the interactive composite
spatial representation. The functions are adapted for execu-
tion by a spatially oriented application comprising the com-
posite spatial representation or a downstream service receiv-
ing the composite spatial representation. Functions are
separate from the source spatial representation, the composite
spatial representation, and/or the interactive composite spa-
tial representation.

The event types are defined by, for example, the provider.
Examples of event types and event include user interaction
events, a function (behavioral element) generated event, map
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layer update events, and script-generated events, as well as
those related to the event types listed in FIG. 3. For example,
the map layer update events include an update in the compos-
ite spatial representation and an update in one or more of the
plurality of source spatial representations. Examples of func-
tions are listed in FIGS. 4 and 5 and include spatial, temporal
and statistical functions. For example, the provider is able to
execute scripts associated with a map layer, or scripts that
access multiple map layers, and provides a library of opera-
tors that implement functions over the data in the map layers.
For example, the map layers comprise one or more of the map
layers 111. For example, the library of operators comprises
the operator library within library 140. Scripts may provide
functions to other scripts. Binding between scripts and the
provider is, for example, dynamic. In some embodiments, a
function is provided to the downstream service or the user of
the downstream service. In these embodiments, the down-
stream service executes the function.

Some embodiments also provide a library of sub-functions
adapted for execution by the function. The library comprises,
for example, spatial functions, temporal functions, spatio-
temporal functions and/or statistical functions.

The eleventh step 611 comprises modifying at least part of
the interactive composite spatial representation by the down-
stream service to form a modified interactive composite spa-
tial representation, and providing the modified interactive
composite spatial representation to a second downstream ser-
vice. The eleventh step 611 is performed by, for example, a
service that obtains spatial representations from the provider.
Examples of services are: social networks or services; ser-
vices providing collaboration; geographic information sys-
tems, services or providers; and emergency response systems,
services or providers.

The twelfth step 612 is to display the interactive composite
spatial representation or the updated interactive composite
spatial representation. Displaying is done by a spatially ori-
ented application comprising the composite spatial represen-
tation or a downstream service, typically, on a display of a
user.

The method 600, the sixth step 605 and the eighth step 608
provide the interactive composite spatial representation and
the updated interactive composite spatial representation,
respectively. In other exemplary embodiments, the composite
spatial representation and/or the updated composite spatial
representation are provided.

It is to be understood that the functions of the provider can
be distributed between a user client (e.g., a computing device
of the user) and a server-side processing element (e.g., a
server or other computing device of the provider). For
example, the viewer scripts 120 (FIG. 1) may execute on a
server of the provider on behalf of a particular user.

FIG. 7 illustrates an exemplary method for obtaining a
plurality of source spatial representations and source spatial
representation user graphical interface control, and for
executing applications comprising the plurality of source spa-
tial representations, according to an embodiment of the inven-
tion. An embodiment of an application comprises two docu-
ments, each with associated scripts (behavioral elements).
One document is the CGUI document representing the CGUI,
consisting of user interface (UI) elements such as forms, lists,
tables, buttons, and checkboxes. The other document is a map
layer document corresponding to the map layer(s) of the
application. These documents are instantiated in the viewer as
follows.

The first step 701 comprises a user clicking on, or other-
wise indicating, a visual Ul element, provided by a viewer,
representing an application and specifying a document
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(specified document) of the application, either the CGUI
document or the map layer document. For example, the Ul
element comprises an icon or a menu choice.

The second step 702 comprises the viewer, in response to
the first step 701, creating an execution environment for the
application. For example, the viewer comprises a map viewer.
In one Web browser based embodiment, the execution envi-
ronment is provided by an HTML iframe tag created within
the viewer window.

The third step 703 comprises the viewer loading the speci-
fied document, indicated by the Ul element, into the execu-
tion environment. If the specified document is the CGUI
document, the CGUI document is rendered and made visible
to the user. If the specified document is the map layer docu-
ment, the map layer document is rendered on top of a pro-
vided map. Document rendering includes the processing of
any scripts, except event handlers, contained in the document.

On handheld devices, the screen may be too small for the
map and CGUIs of the application to be rendered in the same
visual plane. Covering the map with the CGUI removes the
user from the spatial context. Therefore, embodiments for
handheld devices may, for example, render the CGUI semi-
transparently, using enough opacity to maintain usability, but
keeping the map visible underneath and thus retain the spatial
context for the user.

The fourth step 704 comprises executing a first onload
event handler and loading a corresponding document, that is,
the document corresponding to the specified document. If the
specified document is a CGUI document, the corresponding
document is, for example, a corresponding map layer docu-
ment, and the first onload event handler loads the correspond-
ing map layer document. If the specified document is a map
layer document, the corresponding document is, for example,
a corresponding CGUI document, and the first onload event
handler loads the corresponding CGUI document. Loading
actions are performed, for example, through loadlayer or
load App library functions provided by the viewer.

The fifth step 705 is optional and comprises executing a
second onload event handler and loading a secondary docu-
ment. If callback functions are provided as arguments to the
loadLayer or load App library functions, these are invoked at
this time.

An example embodiment is a composite spatial represen-
tation, or a spatially oriented application comprising the com-
posite spatial representation, that provides locations of emer-
gency vehicles obtained from a first source spatial
representation. The composite spatial representation is peri-
odically updated to update the locations of the emergency
vehicles. Other spatial information from a second and third
source spatial representation may also be obtained and com-
prised within the composite spatial representation. For
example, a spatially oriented application comprising the com-
posite spatial representation also obtains traffic information
from the second source spatial information, and also obtains
the location of emergency incidents form the third source
spatial representation. Behavioral elements (scripts) function
to compute the best available emergency vehicle to respond to
the emergency incident, and the optimum route for the emer-
gency vehicle given the location of the emergency vehicle, the
location of the emergency incident, and the traffic conditions.

In this example, the first, second and third source spatial
representations are a plurality of source spatial representa-
tions from a plurality of source applications. The composite
spatial representation is formed by combining the plurality of
source spatial representations. The composite spatial repre-
sentation is operative to interact with the behavioral elements.
The behavioral elements are separate from the composite
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spatial representation in that, for example, the composite
spatial representation, as well as the source spatial represen-
tations, comprises information independent of the behavioral
elements. The spatial representations may be, for example,
useful in and of themselves without the behavioral elements,
for example, as the source spatial representations are in the
source applications. The behavioral elements may not be
necessary for use or display of the spatial representations. The
behavioral elements, however, may add value or usefulness to
the spatial representations. In this example, the behavioral
elements add value and useful functions by determining the
best available emergency vehicle to respond to the emergency
incident, and the optimum route for the emergency vehicle
given the location of the emergency vehicle, the location of
the emergency incident, and the traffic conditions. The useful
functions may be dependent upon the combination or overlay
of the source spatial representations and operation on the
spatial representations (i.e., source and/or composite spatial
representations) by the behavioral elements.

Another example of an embodiment of the invention is a
display of stars and planets, from a first source map layer of a
first source application, combined with a display of asteroids
from a second source map layer of a second source applica-
tion, and position-dependent information on orbiting space
junk, from a source spatial representation (e.g., a data-stream)
of'a third source application, to generate a composite display
(e.g., an electronic map) or composite data-stream showing or
comprising the positions of asteroids and space junk in rela-
tionship to the earth, other planets and stars. The composite
display or composite data-stream is used as input to an earth
based warning system for earth impacts by outer space
objects.

As will be appreciated by one skilled in the art, aspects of
the present invention may be embodied as a system, method
or computer program product. Accordingly, aspects of the
present invention may take the form of an entirely hardware
embodiment, an entirely software embodiment (including
firmware, resident software, micro-code, etc.) or an embodi-
ment combining software and hardware aspects that may all
generally be referred to herein as a “circuit,” “module” or
“system.” Furthermore, aspects of the present invention may
take the form of a computer program product embodied in one
ormore computer readable medium(s) having computer read-
able program code embodied thereon.

Any combination of one or more computer readable medi-
um(s) may be utilized. The computer readable medium may
be a computer readable signal medium or a computer read-
able storage medium. A computer readable storage medium
may be, for example, but not limited to, an electronic, mag-
netic, optical, electromagnetic, infrared, or semiconductor
system, apparatus, or device, or any suitable combination of
the foregoing. More specific examples (a non-exhaustive list)
of the computer readable storage medium would include the
following: an electrical connection having one or more wires,
a portable computer diskette, a hard disk, a random access
memory (RAM), a read-only memory (ROM), an erasable
programmable read-only memory (EPROM or Flash
memory), an optical fiber, a portable compact disc read-only
memory (CD-ROM), an optical storage device, a magnetic
storage device, or any suitable combination of the foregoing.
In the context of this document, a computer readable storage
medium may be any tangible medium that can contain, or
store a program for use by or in connection with an instruction
execution system, apparatus, or device.

A computer readable signal medium may include a propa-
gated data signal with computer readable program code
embodied therein, for example, in baseband or as part of a
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carrier wave. Such a propagated signal may take any of a
variety of forms, including, but not limited to, electro-mag-
netic, optical, or any suitable combination thereof. A com-
puter readable signal medium may be any computer readable
medium that is not a computer readable storage medium and
that can communicate, propagate, or transport a program for
use by or in connection with an instruction execution system,
apparatus, or device.

Program code embodied on a computer readable medium
may be transmitted using any appropriate medium, including
but not limited to wireless, wireline, optical fiber cable, RF,
etc., or any suitable combination of the foregoing.

Computer program code for carrying out operations for
aspects of the present invention may be written in any com-
bination of one or more programming languages, including
an object oriented programming language such as Java,
Smalltalk, C++ or the like and conventional procedural pro-
gramming languages, such as the “C” programming language
or similar programming languages. The program code may
execute entirely on the user’s computer, partly on the user’s
computer, as a stand-alone software package, partly on the
user’s computer and partly on a remote computer or entirely
on the remote computer or server. In the latter scenario, the
remote computer may be connected to the user’s computer
through any type of network, including a local area network
(LAN) or a wide area network (WAN), or the connection may
be made to an external computer (for example, through the
Internet using an Internet Service Provider).

Aspects of the present invention are described below with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems) and computer program prod-
ucts according to embodiments of the invention. It will be
understood that each block of the flowchart illustrations and/
or block diagrams, and combinations of blocks in the flow-
chart illustrations and/or block diagrams, can be imple-
mented by computer program instructions. These computer
program instructions may be provided to a processor of a
general purpose computer, special purpose computer, or other
programmable data processing apparatus to produce a
machine, such that the instructions, which execute via the
processor of the computer or other programmable data pro-
cessing apparatus, create means for implementing the func-
tions/acts specified in the flowchart and/or block diagram
block or blocks.

These computer program instructions may also be stored in
a computer readable medium that can direct a computer, other
programmable data processing apparatus, or other devices to
function in a particular manner, such that the instructions
stored in the computer readable medium produce an article of
manufacture including instructions which implement the
function/act specified in the flowchart and/or block diagram
block or blocks.

The computer program instructions may also be loaded
onto a computer, other programmable data processing appa-
ratus, or other devices to cause a series of operational steps to
be performed on the computer, other programmable appara-
tus or other devices to produce a computer implemented
process such that the instructions which execute on the com-
puter or other programmable apparatus provide processes for
implementing the functions/acts specified in the flowchart
and/or block diagram block or blocks.

Referring again to FIGS. 6 and 7, which are flow diagram
or flowchart of the methods 600 and 700, respectively, the
flowchart and block diagrams in the Figures illustrate the
architecture, functionality, and operation of possible imple-
mentations of systems, methods and computer program prod-
ucts according to various embodiments of the present inven-
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tion. In this regard, each block in the flowchart or block
diagrams may represent a module, segment, or portion of
code, which comprises one or more executable instructions
for implementing the specified logical function(s). It should
also be noted that, in some alternative implementations, the
functions noted in the block may occur out of the order noted
in the figures. For example, two blocks shown in succession
may, in fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality involved. It will also be
noted that each block of the block diagrams and/or flowchart
illustration, and combinations of blocks in the block diagrams
and/or flowchart illustration, can be implemented by special
purpose hardware-based systems that perform the specified
functions or acts, or combinations of special purpose hard-
ware and computer instructions.

Accordingly, techniques of the invention, for example as
depicted in FIGS. 1-7, can also include, as described herein,
providing a system, wherein the system includes distinct
modules (e.g., software modules). By way of example only,
the modules may include: a source spacial representation
procurement module configured to obtain a plurality of
source spatial representations from a plurality of source
applications; a composite spatial representation formation
module configured to form a composite spatial representation
by combining the plurality of source spatial representations;
a composite spatial representation providing module config-
ured to provide the composite spatial representation; and a
behavioral element providing module configured to provide a
behavioral element that is separate from the plurality of
source spatial representations and the composite spatial rep-
resentation, wherein the behavioral element provides interac-
tion with at least one of a group of spatial representations
comprising the plurality of source spatial representations and
the composite spatial representation. The modules may be
adapted, for example, to perform the steps of methods 600
and 700 illustrated in FIGS. 6 and 7, respectively.

One or more embodiments can make use of software run-
ning on a general purpose computer or workstation. With
reference to FIG. 8, such an implementation employs, for
example, a processor 802, a memory 804, and an input/output
interface formed, for example, by a display 806 and a key-
board 808. The term “processor” as used herein is intended to
include any processing device, such as, for example, one that
includes a CPU (central processing unit) and/or other forms
of processing circuitry. Further, the term “processor” may
refer to more than one individual processor. The term
“memory” is intended to include memory associated with a
processor or CPU, such as, for example, RAM (random
access memory), ROM (read only memory), a fixed memory
device (for example, hard drive), a removable memory device
(for example, diskette), a flash memory and the like. In addi-
tion, the phrase “input/output interface” as used herein, is
intended to include, for example, one or more mechanisms for
inputting data to the processing unit (for example, keyboard
or mouse), and one or more mechanisms for providing results
associated with the processing unit (for example, display or
printer). The processor 802, memory 804, and input/output
interface such as display 806 and keyboard 808 can be inter-
connected, for example, via bus 810 as part of a data process-
ing unit 812. Suitable interconnections, for example via bus
810, can also be provided to a network interface 814, such as
a network card, which can be provided to interface with a
computer network, and to a media interface 816, such as a
diskette or CD-ROM drive, which can be provided to inter-
face with media 818.
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A data processing system suitable for storing and/or
executing program code can include at least one processor
802 coupled directly or indirectly to memory elements 804
through a system bus 810. The memory elements can include
local memory employed during actual execution of the pro-
gram code, bulk storage, and cache memories which provide
temporary storage of at least some program code in order to
reduce the number of times code must be retrieved from bulk
storage during execution.

Input/output or /O devices (including but not limited to
keyboard 808, display 806, pointing device, and the like) can
be coupled to the system either directly (such as via bus 810)
or through intervening 1/O controllers (omitted for clarity).

Network adapters such as network interface 814 may also
be coupled to the system to enable the data processing system
to become coupled to other data processing systems or remote
printers or storage devices through intervening private or
public networks. Modems, cable modem and Ethernet cards
are just a few of the currently available types of network
adapters.

As used herein, including the claims, a “server” includes a
physical data processing system (for example, system 812 as
shown in FIG. 8) running a server program. It will be under-
stood that such a physical server may or may not include a
display and keyboard.

It will be appreciated and should be understood that the
exemplary embodiments ofthe invention described above can
be implemented in a number of different fashions. Given the
teachings of the invention provided herein, one of ordinary
skill in the related art will be able to contemplate other imple-
mentations of the invention. Indeed, although illustrative
embodiments of the present invention have been described
herein with reference to the accompanying drawings, it is to
be understood that the invention is not limited to those precise
embodiments, and that various other changes and modifica-
tions may be made by one skilled in the art without departing
from the scope or spirit of the invention.

What is claimed is:

1. A method for generating a composite spatial represen-
tation, the method comprising:

obtaining a plurality of source spatial representations from

a plurality of source applications;

forming a composite spatial representation by combining

the plurality of source spatial representations;
forming a first user interface control layer that is configured
to control the composite spatial representation;

combining the first user interface control layer with the
composite spatial representation to generate an interac-
tive composite spatial representation that is configured
to be user controlled using the first user interface control
layer; and

dynamically binding one or more behavioral elements with

the interactive composite spatial representation based on
a current state of the interactive composite spatial rep-
resentation,

wherein the behavioral elements comprise software scripts

and functions that implement interactive and computa-
tional behaviors, which are triggered in response to user
interaction with the first user interface control layer of
the interactive composite spatial representation,
wherein the one or more behavioral elements are separate
and independent from the set of objects that are used to
instantiate the structure and content and decorative pre-
sentation of the composite spatial representation and the
first user interface control layer of the interactive com-
posite spatial representation such that the composite
spatial representation and the first user interface control
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layer are complete and independently executable with-
out executing the one or more behavioral elements,

wherein the one or more behavioral elements interact with
said set of objects to cause a change in behavior, presen-
tation, execution and process flow of said interactive
composite spatial presentation, and

wherein the one or more behavioral elements are config-

ured to execute spatial functions, temporal functions,
spatio-temporal functions and statistical functions,
depending on a current state of the interactive composite
spatial representation,

wherein the obtaining, forming, combining, and dynami-

cally binding steps are executed on a computing system
comprising a processor and a memory, and wherein one
or more computer program instructions for implement-
ing the obtaining, forming and dynamically binding
steps are obtained from the memory and executed by the
processor device.

2. The method of claim 1, wherein at least one behavioral
element comprises one or more software scripts configured to
be at least one of compiled, and executed in response to a user
viewing the composite spatial representation.

3. The method of claim 1, wherein at least one behavioral
element comprises one or more software scripts that are at
least one of formed by a user, and obtained from a remote
source, and wherein the method is operative for the user to
view the composite spatial representation.

4. The method of claim 1, wherein at least one behavioral
element comprises software code operative on at least one of:
the plurality of source spatial representations, the composite
spatial representation, and the first user interface control
layer.

5. The method of claim 1, wherein at least one behavioral
element interacts with the composite spatial representation by
at least one of computation, user interaction and event-driven
interaction.

6. The method of claim 1, wherein at least one behavioral
element operates on at least one of structure, content, deco-
ration, a declarative element, a spatial feature and a decora-
tion of at least one of the plurality of source spatial represen-
tations and the composite spatial representation.

7. The method of claim 1, wherein at least one behavioral
element is configured for execution by at least one of: a
spatially oriented application comprising the composite spa-
tial representation, and a downstream service receiving the
composite spatial representation.

8. The method of claim 1, wherein the plurality of source
applications are obtained from at least one of a plurality of
data feeds, and a plurality of data feeds comprising a plurality
of dynamic Web data feeds obtained over the Internet.

9. The method of claim 1, wherein a library of functions are
configured for execution by the one or more behavioral ele-
ments, wherein the library comprises at least one of a spatial
function, a temporal function, a spatio-temporal function and
a statistical function.

10. The method of claim 1, wherein the composite spatial
representation is at least one of displayed, and operative for
user interactions.

11. The method of claim 1, further comprising obtaining a
second user interface control layer from at least one of the
plurality of source applications, wherein the first user inter-
face control layer comprises the second user interface control
layer.

12. The method of claim 1, wherein the first user interface
control layer comprises a graphical user interface.
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13. The method of claim 1, wherein the composite spatial
representation comprises spatial features and specifications
for rendering the spatial features.

14. The method of claim 1, wherein the composite spatial
representation is configured for at least one of provision to a
downstream service, and being updating and re-provisioned
to the downstream service.

15. The method of claim 1, wherein an event causes the
execution of at least one behavioral element, wherein the
event is at least one of a user interaction, an update in at least
one of the plurality of source spatial representations and the
composite spatial representation, and a behavioral element-
generated event.

16. The method of claim 1, wherein a spatially oriented
application comprising the composite spatial representation
is configured for a user to indicate a source application com-
prising at least one of the plurality of source spatial represen-
tations, and wherein the spatially oriented application is con-
figured for loading and executing the source application.

17. The method of claim 1, wherein at least one of the
plurality of source spatial representations comprises at least
one of geographic information and location-dependent infor-
mation, and wherein the composite spatial representation
comprises at least one of the geographic information and the
location-dependent information.

18. The method of claim 1, wherein a spatially oriented
application comprising the composite spatial representation
provides a location, obtained from a first spatial representa-
tion of the plurality of source spatial representations, of at
least one emergency vehicle, wherein the spatially oriented
application is configured for updating the location, and
wherein the spatially oriented application provides spatial
information from a second spatial representation of the plu-
rality of source spatial representations.

19. Apparatus for generating a composite spatial represen-
tation, the apparatus comprising:

a memory; and

a processor coupled to the memory and operative to:

obtain a plurality of source spatial representations from a

plurality of source applications;

form the composite spatial representation by combining

the plurality of source spatial representations;

form a first user interface control layer that is configured to

control the composite spatial representation;

combine the first user interface control layer with the com-

posite spatial representation to generate an interactive
composite spatial representation that is configured to be
user controlled using the first user interface control
layer; and

dynamically bind one or more behavioral elements with

the interactive composite spatial representation based on
a current state of the interactive composite spatial rep-
resentation,

wherein the behavioral elements comprise software scripts

and functions that implement interactive and computa-
tional behaviors, which are triggered in response to user
interaction with the first user interface control layer of
the interactive composite spatial representation,
wherein the one or more behavioral elements are separate
and independent from the set of objects that are used to
instantiate the structure and content and decorative pre-
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sentation of the composite spatial representation and the
first user interface control layer of the interactive com-
posite spatial representation such that the composite
spatial representation and the first user interface control
layer are complete and independently executable with-
out executing the one or more behavioral elements,

wherein the one or more behavioral elements interact with
said set of objects to cause a change in behavior, presen-
tation, execution and process flow of said interactive
composite spatial presentation, and

wherein the one or more behavioral elements are config-

ured to execute spatial functions, temporal functions,
spatio-temporal functions and statistical functions,
depending on a current state of the interactive composite
spatial representation.

20. A computer program product for generating a compos-
ite spatial representation, the computer program product
comprising a non-transitory computer readable storage
medium having computer readable program code embodied
therewith, which when executed by a computer, causes the
computer to:

obtain a plurality of source spatial representations from a

plurality of source applications;

form the composite spatial representation by combining

the plurality of source spatial representations;

form a first user interface control layer that is confirmed to

control the composite spatial representation;

combine the first user interface control layer with the com-

posite spatial representation to generate an interactive
composite spatial representation that is configured to be
user controlled using the first user interface control
layer; and

dynamically bind one or more behavioral elements with

the interactive composite spatial representation based on
a current state of the interactive composite spatial rep-
resentation,
wherein the behavioral elements comprise software scripts
and functions that implement interactive and computa-
tional behaviors, which are triggered in response to user
interaction with the first user interface control layer of
the interactive composite spatial representation,

wherein the one or more behavioral elements are separate
and independent from the set of objects that are used to
instantiate the structure and content and decorative pre-
sentation of the composite spatial representation and the
first user interface control layer of the interactive com-
posite spatial representation such that the composite
spatial representation and the first user interface control
layer are complete and independently executable with-
out executing the one or more behavioral elements,

wherein the one or more behavioral elements interact with
said set of objects to cause a change in behavior, presen-
tation, execution and process flow of said interactive
composite spatial presentation, and

wherein the one or more behavioral elements are config-

ured to execute spatial functions, temporal functions,
spatio-temporal functions and statistical functions,
depending on a current state of the interactive composite
spatial representation.
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